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(54) A multifunction structurally integrated VHF-UHF aircraft antenna system 

(57) An antenna system utilizing an electrically con- 
ductive portion (16) of an aircraft structure to radiate 
and receive_very-high-frequency (VHF) and ultra-high- 
frequency l(UHF) /radio signals over a wide frequency 
range without the need for an active tuner to accommo- 
date frequency changes. An antenna element (22) is 
housed in a tail f in endcap section (20) and is positioned 
and shaped to form an elongated notch (26) between 
one edge (24) of the element itself and one adjacent 
edge (18) of an electrically conductive tail fin (16). The 
notch (26) is uniform over part of its length and is flared 
to a wider spacing over the remainder of its length. A 
feed point (30) along the notch (26) is selected for opti- 
mum performance. Matching electronics (14) couple the 
I antenna system to ^.^^^^^^^^^^^er-l. 
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WfffiM/i'Mmt lhe antenna system provides relatively 
good gain over the frequency range and provides a 
practically omnidirectional radiation pattern. 
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Description 

BACKGROUND OF THE INVENTION 

This invention relates generally to aircraft antenna s 
systems and, more particularly, to aircraft antenna sys- 
tems capable of supporting operation in the very-high- 
frequency (VHF) and ultra-high-frequency (UHF) 
ranges. Modern aircraft, particularly military aircraft 
have a need to provide radio communication over a van- w 
ety of frequency ranges and communication modes. For 
example, communications may be needed in a VHF 
band using frequency modulation (FM), in a VHF band 
using amplitude modulation (AM), and in a UHF band. 
Of these functions, the most cfifficult to achieve effi- 75 
cientJy is operation in the lower frequency VHF/FM 
band, e.g. in the range 30-88 MHz, having wavelengths 
in the range of approximately 3-10 meters. For most effi- 
cient operation, antennas have dimensions in the same 
order of magnitude as the wavelengths of the signals 20 
being propagated. A classical dipole antenna, for exam- 
ple, is one-half wavelength (A/2) in total length. Antenna 
that are much smaller than this are referred to as "elec- 
trically small." If electrically small antennas are used for 
operation in the 30-88 MHz frequency band, for exam- 2s 
pie, they must be appropriately matched to radio trans- 
mitters and receivers using impedance matching 
networks. 

A further difficulty in the design of aircraft antennas 
is that some communication applications call for fre- 30 
quency "hopping," i.e., rapidly switching from one carrier 
frequency to another within the same band, principally 
for security reasons. Therefore, a high-speed active 
tuner is needed to continually modify the matching net- 
work as the transmission frequency is changed. Tuners 35 
of this type are relatively costly and unreliable, and are 
generally incapable of tracking the frequency changes 
needed in a frequency hopping communication system. 
Prior to this invention, communication in the VHF/FM 
mode has been achieved using an electrically small 40 
blade antenna, i.a, a fin protruding from the surface of 
the aircraft, and high speed electronics for synchro- 
nously tuning the antenna. Broadband, electrically 
small VHF/FM blade antennas have a very low gain 
because of their poor matching network efficiency and 45 
small radiation resistance Further, blade antennas do 
not couple radio frequency (rf) current to the aircraft skin 
effectively. Coupling rf signals to conductive portions of 
the aircraft is a technique that has been used in other 
contexts when the only available antenna elements so 
were electrically small in relation to the wavelengths of 
the signals being transmitted and received. 

Because they protrude from the aircraft, blade 
antennas adversely affect aircraft aerodynamics. Typi- 
cal solutions prior to this invention require the use of ss 
multiple blade antennas, one for VHF/FM applications, 
another for VHF/AM and another for UHF communica- 
tion. Obviously, this solution has an even greater 



adverse impact on aircraft aerodynamics. 

Ideally, what is needed is a single broacband 
antenna that can be operated efficiently over a wide fre- 
quency range. More specifically, the single antenna 
should be capable of operating in a frequency-hopping 
mode in the VHF/FM band without the need for an 
active tuning device, and should also be capable of 
operating in higher frequency bands, such as VHF/AM 
and UHF. The present invention satisfies these require- 
ments. 

SUMMARY OF THE INVENTION 

The present invention resides in a multifunction 
notch antenna system designed to be totally integrated 
within an aircraft, the antenna system providing for 
operation over a wide range of frequencies, including a 
VHF/FM band in a frequency-hopping mode, without 
the need for active tuning devices. 

Briefly, and in general terms, the antenna system of 
the invention comprises an electrically conductive por- 
tion of an aircraft structure; and an antenna element 
positioned and shaped to form a non-conductive notch 
between the antenna element and the electrically con- 
ductive portion of the aircraft structure. The notch is 
generally uniform in width over part of its length and 
flares to a larger width over the remainder of its length. 
The antenna system further comprises broadband 
impedance matching electronics, designated the AMU 
(antenna matching unit) in this specification for coupling 
the antenna system to a transceiver, and for matching 
the impedance of the antenna system with the imped- 
ance of the transceiver to provide efficient transfer of 
energy to and from the antenna; and an antenna feed 
for connection from the matching electronics to opposite 
sides of the notch at a selected antenna feed point, to 
excite the antenna for transmission of signals and to 
conduct received signals from the antenna element and 
electrically conductive portion of the aircraft structure. 
The electrically conductive portion of the aircraft struc- 
ture functions as a radiating or receiving component of 
the antenna system, which can be easily matched with 
transceiver equipment operating over a wide range of 
frequencies. In the disclosed embodiment of the inven- 
tion, the electrically conductive portion of the aircraft 
structure includes a tail fin of the aircraft, and the 
antenna element is housed within a tail fin endcap. By 
way of example, the antenna system operates at a very- 
high-frequency (VHF) band in the range of approxi- 
mately 30-88 MHz, as well as at higher frequencies in 
an ultra-high-frequency (UHF) band, and without the 
need for active tuner components. 

It will be appreciated from the foregoing that the 
present invention provides a significant advance in the 
field of aircraft antennas. In particular, the invention pro- 
vides for antenna operation either in the VHF/FM band 
or in higher frequency bands, without the need for active 
tuners. Other aspects and advantages of the invention 
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will become apparent from the following more detailed 
description, taken in conjunction with the accompanying 
drawings, which are briefly described below. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIGURE 1 is a block diagram showing the three 
principal components of the antenna system of the 
present invention; 

FIG. 2 is a simplified elevational view of a portion of 
an aircraft tail section, showing how the antenna of 
the invention is integrated into the aircraft structure; 
FIG. 3 is a diagrammatic view of a wire grid simula- 
tion model of the aircraft tail section; 
FIG. 4 is a diagrammatic view of a wire grid simula- 
tion model of full-sized test fixture in which the tail 
section of FIG. 3 is installed; 
FIG. 5 is a simplified Smith Chart plotting the meas- 
ured impedance of a VHF/FM antenna in accord- 
ance with the invention, as the frequency is varied; 
FIGS. 6A and 6B are predicted radiation patterns 
for the antenna of the invention, for variations in ele- 
vation and azimuth, respectively; 
FIG. 7 is schematic diapam of antenna matching rf 
(ratio frequency) electronics used in one embodi- 
ment of the invention; 

FIG. 8 is a Smith Chart plotting the antenna imped- 
ance with and without an antenna matching unit; 
and 

FIG. 9 shows the antenna VSWR (voltage standing 
wave ratio), with and without the antenna matching 
unit. 

DESCRIPTION OF THE PREFERRED EMBODIMENT 

As shewn in the drawings for purposes of illustra- 
tion, the present invention pertains to aircraft antenna 
systems, and specifically to antennas that are fully inte- 
grated into the aircraft rather than protruding out from 
the aircraft in the form of blades or fins. Aircraft anten- 
nas in general are electrically small, in relation to the 
wavelengths of some of the radio signals that are trans- 
mitted or received. For example, in a very-high-fre- 
quency frequency-modulated (VHF/FM) band of 30-88 
MHz used for frequency-modulated (FM) transmission, 
the wavelengths are in the range of approximately 3-10 
meters and typical blade antennas are much smaller 
than this. The antenna impedance has to be matched to 
that of the transmitter and receiver (usually 50 ohms), 
using impedance matching networks, but such anterv 
nas usually have a low gain. Another problem arises if 
there is a requirement for operation in a frequency-hop- 
ping mode. The matching networks have to be continu- 
ally adjusted to new frequencies, using some form of 
active tuning device. However, such devices are notori- 
ously costly and unreliable. Those with mechanical 
components would be unable to track rapid frequency 
changes for very long without being degraded or dam- 



aged. 

In accordance with the present invention, a notch 
antenna is fully integrated into the aircraft, with no pro- 
truding components, and provides good performance 

5 characteristics over a wide range of frequency bands, 
without the need for active tuning devices. FIG. 1 shows 
the three principal components of the antenna system 
of the invention, including an antenna element 10, a 
multifunction VHFAJHF antenna feed 12, and antenna 

w matching rf (radio-frequency) electronics 14, for cou- 
pling the antenna system to a VHFAJHF transceiver, 
indicated at 15. 

FIG. 2 shows the structure of the antenna element 
10 in relation to an aircraft tail fin, indicated by reference 

is numeral 1 6. The tail fin 1 6 is part of the aircraft airframe 
and is electrically conductive. The fh 16 terminates at 
an upper edge 18 indicated by a horizontal line in the 
drawing. In the aircraft tail structure before the antenna 
was installed, the fin 16 was topped by an aerodynami- 

20 cally shaped endcap 20. In accordance with the inven- 
tion, the endcap 20 encloses an antenna element 22 
that cooperates with the tail fin 16 to form the notch 
antenna of the invention. The antenna element 22 is a 
generally planar component of irregular shape, having a 

25 tower edge 24 that is straight over a part of its length, 
and then curves upward away from the upper edge 18 
of the tail fin 16. Other edges of the antenna element 22 
generally follow the contours of the endcap 20. The gap 
between the upper edge 18 of the tail fin 16 and the 

30 lower edge 24 of the antenna element 22 defines a 
notch 26, the width of which is generally uniform over a 
small portion of the tail fin, and then flares or expands to 
a greater width over the remaining large portion of the 
tail fin. 

35 In conventional notch antennas, the notch is typi- 
cally excited at a feed point located approximately one- 
quarter wavelength (A/4) from the narrow end of the 
notch. This is obviously not possible in an aircraft tail fin 
when the wavelength may be as large as ten meters. In 

40 the presently preferred embodiment of the invention, the 
feed point 30 is located at an optimum distance along 
the notch 26. The exact location of the antenna feed 
point 30 is critical to good performance, and is best 
determined experimentally for a specific aircraft config- 

45 uration and wavelength. The matching electronics unit 
14 is ideally located as close to the antenna feed point 
30 as possible, and may be conveniently housed within 
the tail fin 16 as shown in FIG. 2. The specific design of 
the matching electronics 14 is determined by the meas- 

so ured impedance erf the antenna 10 and the known 
input/output impedance specifications of the VHFAJHF 
transceiver 15 in FIG. 1. Although the antenna matching 
unit (AMU) can be designed to include discrete compo- 
nents, it is less costly and more convenient to integrate 

55 the electronics onto a single circuit board, in which 
inductors and capacitors may take the form of conduc- 
tive traces on the board. Preferably, different matching 
networks are used tor VHF and UHF operation of the 
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antenna system. These are switched in and out as 
needed. Multiplexed operation of two or more frequency 
bands is also possible. 

The VHF/UHF feed 12 (FIG. t) i.e. the connection 
between the matching electronics 14 and the antenna s 
element 10 (the components on each side of the notch 
26). is best made by coaxial cable. At the feed point 30. 
very short connections are made from the coaxial cable 
to opposite sides of the notch 26 using a conductive 
wire to connect the coaxial cable inner conductor to the io 
lower edge 24 and "grounding" the coaxial cable shield 
to the upper edge 18. 

FIG. 3 shows a wire grid simulation model of a tail 
fin for an F-18 aircraft, with a single element endcap 
antenna. FIG. 4 shows a wire grid simulation model of a is 
test fixture modeling the twin tail fin structure of the F- 
18. Using a well known numerical modeling technique 
referred to as the method of moments, the wire grid 
model is used to provide computer-generated theoreti- 
cal feed points impedance and radiation pattern for 20 
comparison with experimental measurements. In the 
experimental test fixture, structural excitation was con- 
firmed experimentally, using a small magnetic loop to 
probe rf (radio frequency) currents in various areas of 
the structure. Current was measured flowing along the 2s 
leading edge of the tail and over Hs composite surfaces. 
In operation, the notch 26 (FIG. 2) radiates generally 
omnidirectionally, and both the antenna element 22 and 
the tail section 16 radiate as a result of the currents 
flowing in these components, in adjoining airframe com- so 
ponents and in the composite conductive skin material 
over the airframe. Another critical factor in the antenna 
design is the width of the notch 26. i.e. the spacing 
between the antenna element 22 and the tail section 16 
in FIG. 2. If this spacing is too small, the feed point 35 
admittance will be adversely affected by excessive 
capacrtrve susceptance Although method of moments 
simulation can be used to select the notch width, the 
presently preferred approach is to select the notch width 
experimentally using a full-scale test fixture of a specific 40 
aircraft 

FIG._5Js_a_SmjmjCtert_sr^ measured 

(antenna impedance from 30 ©4W) f MHzf^fhe irregular 
curve inthe chart plots the normalized complex imped- 
ance versus frequency. Marker 1 on the chart gives the ^ 45 
complex impedance as approximately (6.3 ,^1 15)Q at 33 j 
MHz and Marker 2 on the chart gives the complex 
impedance as approximately (10.5 - j&4)n at 88 MHz.? 
A Smith Chart plots complex impedance and admit- 
tance. A resistive impedance normalized to a character- so 
istic impedance Z 0 (R/Z 0 = 1) is plotted at the center 
of the chart Reactive impedances (R/Z 0 =0) are plot- 
ted around the circumference of the chart. Impedances 
that are represented toward the center of the Smith 
Chart correspond to tower values of reflected power and 55 
lower values of voftage starting wave ratio (VSWR) for 
the antenna. A low VSWR value is desirable because it 
indicates good impedance matching and efficient trans- 



fer of energy to the antenna. A conventional notch 
antenna, of uniform notch width, has a relatively high 
reactive impedance over a large frequency range. A plot 
of the impedance locus would result in a curve close to 
the circumference of the chart, having a high VSWR 
and spanning a large range of impedance values ever 
the VHF/FM band of 33-88 MHz. Such an antenna is dif- 
ficult or impossible to match efficiently over the entire 
frequency range. In the present invention, the flared 
shape of the antenna notch 26 significantly reduces the 
span of impedance values and VSWR over the fre- 
quency range of interest, and renders the antenna 
much easier to broadband impedance match over the 
frequency range. 

As can be seen from the further plot of impedance 
values, as the frequency is increased above the 
VHF/FM band, the complex impedance in general 
moves closer to the center of the chart and is corre- 
spondingly easi er to match with transceiver equipment. 
At marker 3/^ejrnpedance is approximately (145.6 + 
j145.8)Q at 225 MHz, and at marker 4 the impedance is 
approximately (27.6 449.7)0 at ||pi|z. In this chart. 
1 o 50 ohms. — — «5TL1> 

FIGS. 6A and 6B show predicted radiation patterns 
in free space for the VHF/FM antenna mounted in the 
test fixture of FIG. 4. FIG. 6A shows the radiation pat- 
tern with respect to variations in elevation angle and 
FIG. 6B shows the radiation pattern with respect to var- 
iations in azimuth angle. Both patterns are for a 30 MHz 
signal and vertical polarization. If several dB (decibels) 
are subtracted to allow for losses in the matching net- 
work, the predicted gain is still estimated to be 
approaching zero dBi and is significantly better than a 
blade antenna It will also be observed that the radiation 
pattern is substantially omnidirectional, in both azimuth 
and elevation. The radiation patterns will, of course, be 
different with the actual aircraft. 

Because of its nearly omnidirectional characteris- 
tics, the antenna of the invention does not necessarily 
have to be mounted in the orientation shown in the 
drawings. The antenna notch 26 (FIG. 2) was flared 
toward the forward end of the aircraft for convenience, 
but would operate with similar results rf the notch were 
to be flared toward the aft end of the aircraft Similarly, 
the antenna could, alternatively, be mounted in a hori- 
zontal member of the aircraft structure, such as a wing 
or horizontal stabilizer, or in any other convenient struc- 
tural component of the aircraft 

Two similar antenna systems constructed in 
accordance with the present invention may be installed 
on an aircraft, such as on the twin tail sections of an F- 
18 aircraft, either to provide a backup antenna system, 
or to provide a beam steering or direction finding func- 
tion. By controlling the relative phase of the two anten- 
nas, one can form the beam to have a maximum in its 
radiation pattern in a desired direction, or to have a min- 
imum in a desired direction. The principles of beam 
steering using antenna arrays are well known and may 
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be conveniently adapted to systems with two or more 
antennas constructed in accordance with the present 
invention. 

FIG. 7 provides by way of illustration schematic 
details of the antenna broadband matching rf electron- s 
ics 14 (FIG. 1) used in a preferred embodiment of the 
invention. The figure is a reproduction of one produced 
by circuit simulation software, such as "EEsof," a prod- 
uct of the Hewlett-Packard Company, Palo Arto. Califor- 
nia. For convenience of illustration, the component io 
identification information is printed on the schematic. 
The nomenclature is largely self-explanatory. The 
Input" port P1 connects the matching network to the 
radio transceiver. 

The AMU circuitry includes various electrical com- 75 
ponents connected between two ports, designated PI 
and P2. Port P1 is connected through a microstrip linear 
(MLIN) connector referred to as TL1, to a first capacitorj 

\C1, and from there through another linear connector 
TLS to a microstrip tee (MTEE) referred to as TEE1 . The 20 
opposite port of TEE1 is connected through another Jirv 
ear connector TL3 to one terminal of a second capacitor j 
C2. ; The other terminal of the capacitor C2 is connected 
in series to a linear connector TL7, another tee TEE4, 
another connector TL16, a resistor (RES) designated 2s 
R1, and finally another connector TL15, which is con- 
nected to the second port P2. The "output" port P2 con- 
nects the matching network to the antenna. 

The first tee TEE1 is also connected to a series net- 
work comprising a connector TL4, a curved microstrip 30 
connector f CURV1 and a nTk^ostripfindud^fMSIND),. 
designated A L2/one terminal of which is ^grounded tothe- 
substrate grpundy Similarly, the other microstrip tee 
TEE4 is also connected to a series network comprising 
a connector TL18, a curved microstrip connector 35 

P&JRV2 and a microstrip inductor (MSIND), designated 

y Li/one terminal of which is grounded tofthe substrate ) 

Aground./ - 

' It will be understood that the antenna matching unit 

(AMU) circuitry in FIG. 7 is shown by way of example 40 

only. 

FIG. 8 is a Smith Chart showing the End Cap 
Antenna impedance with and without the AMU (antenna 
matching unit) in the 30 to 90 MHz VHF/FM frequency 
band. 45 

FIG. 9 shows the End Cap Antenna VSWR with and 
without the AMU (antenna matching unit) in the 30 to 90 
MHz VHF/FM frequency band. With the AMU inserted 
the VSWR is less than 3 ever the entire frequency band, 
indicating a very good broadband impedance match, so 
Without the AMU, the VSWR is greater than 45 at 30 
MHz and excess 3 over 50% of the frequency band. 

It will be appreciated from the foregoing that the 
present invention represents a significant advance in 
the field of antenna design for aircraft In particular, 55 
because the antenna of the invention is structurally inte- 
grated with the aircraft, the latter functions as an exten- 
sion of the antenna and, at certain frequencies, this 



coupling of energy to the aircraft greatly increases radi- 
ation efficiency and gain, as compared to blade antenna 
designs. Full VHF/FM coverage can be provided without 
the need for an active tuner. Moreover, structural inte- 
gration of the antenna element into the aircraft provides 
an antenna system that has a relatively low cost and is 
strong enough to withstand vibration in the environment 
of a tail fin endcap. Finally, the integrated antenna has 
no affect on the aerodynamics of the aircraft. 

Although the invention has been described in the 
context of a military aircraft, it will also be appreciated 
that the antenna system of the invention also has appli- 
cation to commercial aircraft that need N/HF/FM, 
^HF/AM and UHF conrnmications. It will also be 
appreciated that, although a specific embodiment of the 
invention has been described in detail for purposes of 
illustration, the disclosed embodiment may be modified 
without departing from the spirit and scope of the inven- 
tion. Accordingly, the invention should not be limited 
except as by the appended claims. 

Claims 

1. An aircraft antenna system structurally intepated 
into an aircraft, for operation over a wide range of 
frequencies without the need for an active tuner, the 
antenna system comprising: 

an electrically conductive portion of an aircraft 
structure; 

an antenna element positioned and shaped to 
form a non-conductive notch between the 
antenna element and the electrically conduc- 
tive portion of the aircraft structure, wherein the 
notch is generally uniform in width over part of 
its length and flares to a larger width over the 
remainder of its length; 

matching electronics, for coupling the antenna 
system to a transceiver, and for broadband 
matching the impedance of the antenna sys- 
tem with the impedance of the transceiver to 
provide efficient transfer of energy to and from 
the antenna; and 

an antenna feed for connection from the match- 
ing electronics to opposite sides of the notch at 
a selected antenna feed point, to excite the 
antenna for transmission of signals and to con- 
duct received signals from the antenna ele- 
ment and electrically conductive portion of the 
aircraft structure; 

wherein the electrically conductive por- 
tion of the aircraft structure functions as a radi- 
ating and receiving component of the antenna 
system, which can be easily impedance 
matched with transceiver equipment operating 
over a wide range of frequencies. 

2. An aircraft antenna system as defined in claim 1, 
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wherein: 

the electrically conductive portion of the aircraft 
structure includes a tail fin of the aircraft; and 
the antenna element is housed within a tail fin s 
endcap. 

3. An aircraft antenna system as defined in claim 2, 
wherein: 

w 

the antenna system operates at a very-high- 
frequency (VHF/FM) band in the range of 
approximately 30-88 MHz, as wen as at higher 
frequencies in an ultra-high-frequency (UHF) 
band and in a very-high-frequency (VHF/AM) is 
band, without the need for active tuner compo- 
nents. 

4. An aircraft antenna system structurally integrated 
into an aircraft, for operation over a wide range of 20 
frequencies without the need for an active tuner, the 
antenna system comprising: 

at least two electrically conductive portions of 
an aircraft structure; 25 
at least two antenna elements positioned and 
shaped to form a non-conductive notch 
between each of the antenna elements and a 
corresponding electrically conductive portion of 
the aircraft structure, wherein each notch is 30 
generally uniform in width over part of its length 
and flares to a larger width over the remainder 
of its length; 

broadband matching electronics, for coupling 
the antenna system to a transceiver, and for 35 
matching the impedance of the antenna sys- 
tem with the impedance of the transceiver to 
provide efficient transfer of energy to and from 
the antenna; and 

at least two antenna feeds for connection from 40 
the matching electronics to opposite sides of 
each notch at selected antenna feed points, to 
excite the antenna tor transmission of signals 
and to conduct received signals from the 
antenna element and electrically conductive as 
portion of the aircraft structure; 

wherein the electrically conductive por- 
tions of the aircraft structure function as radiat- 
ing and receiving components of the antenna 
system, which can be easily impedance so 
matched with transceiver equipment operating 
over a wide range of frequencies; 

and where the antenna elements and 
their associated electrically conductive por- 
tions of the aircraft structure are capable of ss 
directing a beam in a desired direction. 

5. An aircraft antenna system as defined in claim 4, 



wherein: 

the electrically conductive portions of the air- 
craft structure includes multiple tail fins of the 
aircraft; and 

each antenna element is housed within a tail fin 
endcap. 

6. An aircraft antenna system as defined in claim 5, 
wherein: 

the antenna system operates at a very-high- 
frequency (VHF) band in the range of approxi- 
mately 30-88 MHz, as well as at high frequen- 
cies in an ultra-high-frequency (UHF) band and 
a very-high-frequency (VHF/AM) band in the 
range of approximately 116-156 MHz, without 
the need for active tuner components. 
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